Autogenous bone grafting has been widely used to fill the defects caused by fracture, trauma, tumor resection, or arthrodesis. However, it has been reported to cause complications such as infection, hematoma, nerve injury, donor defect herniation, and fracture at the harvest site.[@B1][@B2][@B3] To avoid these complications, the use of bone graft substitutes has been gradually increased.[@B4][@B5] Beta-tricalcium phosphate (β-TCP) is one of those substitutes whose use has dramatically increased in recent years.[@B6][@B7][@B8] It is one of the first calcium phosphate compounds that was started to be used as a synthetic bone graft substitute.[@B9][@B10] This bioactive ceramic was known to be safe, nontoxic, safe from disease transmission, and free from immunogenic response. We prospectively analyzed the clinical outcome of patients treated with β-TCP to determine the adequacy of β-TCP as a bone graft substitute after benign bone tumor surgery.

METHODS
=======

We conducted this study in compliance with the principles of the Declaration of Helsinki. The design and protocol of this prospective study were approved by the Institutional Review Board of Kosin University Gospel Hospital (IRB No. 2015-02-102), and written informed consents were obtained from all patients.

Between March 2015 and December 2015, 20 patients scheduled for surgical treatment of benign bone tumors were enrolled into the prospective study. β-TCP (ExcelOS; CGBio Inc., Seongnam, Korea) was used in these patients. Patients were excluded from the study if they had a malignant bone tumor or surgical wound infection and history of reoperation or pregnancy.

The median age of the 20 patients was 38.5 years. Twelve of the patients were male and eight were female ([Table 1](#T1){ref-type="table"}). The anatomical distributions and types of tumors are summarized in [Table 1](#T1){ref-type="table"}. After complete curettage of the tumor, the bone defect was filled with β-TCP granules. β-TCP (Ca3(PO4)2, ExcelOS; CGBio Inc.) used in this study is macroporous with a total pore volume of 45% ± 5% and a pore size between 250 and 400 µm. All patients were followed up for minimum 2 years. The median period of follow-up was 28.1 months (range, 24.1 to 38.4 months) ([Table 1](#T1){ref-type="table"}).

The patients with lesions in the upper limbs were postoperatively immobilized in splints for 2 to 4 weeks. The patients with lesions in the lower limbs spent 4 to 6 weeks in non-weight-bearing splints. Full weight-bearing was allowed after 8 weeks.

To evaluate the resorption of β-TCP, a radiographic analysis was performed by the method of Hirata et al.[@B11] The length and width of the lesion filled with β-TCP were measured. Both clinical and radiological assessments were performed immediately after surgery and at the follow-up. The filling volume of β-TCP was measured using the following formula in radiographic analysis: (A × B^2^) / 2, where B is the longest measured diameter, and A is the shorter one perpendicular to B. The resorption rate was calculated using the formula: (C − D) / C × 100, where C is the volume of β-TCP immediately after surgery and D is the volume at the time of final follow-up ([Fig. 1](#F1){ref-type="fig"}).[@B11] For statistical analysis of the data, we used Spearman\'s rank correlation coefficient. A *p*-value less than 0.05 was considered to be statistically significant.

RESULTS
=======

Radiographically, the median filling volume of β-TCP immediately after operation was 23.8 cm^3^ (range, 0.41 to 100.1 cm^3^). When radiographically complete resorption was defined as greater than 50% resorption of the allograft material accompanied by bone remodeling until 12 months, there were 11 cases (55%) of complete resorption. ([Fig. 2](#F2){ref-type="fig"}). The median period for complete resorption of the material was 25.7 months (range, 25 to 26.3 months). The initial median filling volume after surgery was 9.7 cm^3^ (range, 0.2 to 62.6 cm^3^). Of the 16 patients older than 20 years, complete resorption was seen in eight (50%), whereas complete resorption was seen in three of the four patients younger than 20 years (75%). Positive correlation between the filling volume and time needed for complete resorption was not found (*p* = 0.184) ([Fig. 3](#F3){ref-type="fig"}).

In nine cases (45%), radiographic signs of the grafted β-TCP remaining were noticed at the time of final follow-up, which was 24 months after surgery. However, the material in the bone marrow appeared to be incorporated and partially resorbed. Additionally, it was observed that the expanded cortex caused by tumor growth was restored to its original shape. Among these nine cases, the median filling volume was 54.0 cm^3^ (range, 0.4 to 100.1 cm^3^).

DISCUSSION
==========

Bone grafting is often required to manage defects generated from the surgical removal of tissues. Ideally, the substitute material should be biodegradable and fulfill certain requirements including biocompatibility, adequate initial strength and stiffness, retention of mechanical properties for sufficient time to assure biofunctionality, and nontoxicity of the degradation byproducts.[@B10][@B12][@B13] β-TCP is one of the most commonly used calcium phosphate compounds as a synthetic bone-graft substitute.[@B9][@B10] This bioactive ceramic was deemed safe, nontoxic, safe from disease transmission, and free from immunogenic response. Most of all, it can be used without the risk of morbidity at the bone graft donor site. It is fully biocompatible and bioactive. Its synthetic origin ensures complete immune intolerance and absence of viral transmission.[@B7] β-TCP itself possesses an intrinsic osteoconductive property. Injection of β-TCP in combination with marrow-derived osteoprogenitor cells is reported to exhibit good osteogenic activity. Furthermore, handling and storage of β-TCP are relatively easy. Radiographically, the grafted β-TCP showed good incorporation into the host bone and induced new bone formation. In our study, there was no correlation between filling volume and time for complete resorption, which was contrary to the report of Nicholas and Lange[@B8] showing that healing was dependent upon defect size. This may be attributable to the small number of patients in our study. Galois et al.[@B7] mentioned that implant volume and patient\'s age were important factors affecting implant integration.

Research ensues on the use of β-TCP as a bone graft material in human subjects.[@B7][@B9] In our study, we achieved 55% of complete resorption in 12 months. This resorption rate is relatively superior to that in other studies.[@B11] We believe that purified β-TCP could be a suitable choice as a bone graft substitute especially after the removal of benign bone tumors.
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![Radiographs of a 57-year-old woman with intraosseous lipoma in the proximal radius. The filling volume of beta-tricalcium phosphate (β-TCP) was measured using the following formula: (A × B^2^) / 2, where A is the smaller diameter measured perpendicular to B, and B is the longest diameter. (A) Lateral view of the radius showing β-TCP injected immediately after surgery. The filling volume was 3.83 cm^3^. (B) Lateral view of the radius with complete resorption after 12 months. The filling volume was 0.43 cm^3^.](cios-11-233-g001){#F1}

![Radiographs of a 57-year-old woman with intraosseous lipoma in the proximal radius. Anteroposterior (A) and lateral (B) views of the radius showing beta-tricalcium phosphate (β-TCP) injected immediately after surgery. Anteroposterior (C) and lateral (D) views of the radius with complete resorption of β-TCP after 12 months. The resorption rate was 88.8%.](cios-11-233-g002){#F2}

![The graph shows the time taken for complete resorption according to filling volume. Correlation between the filling volume and time needed for complete resorption was not found (*p* = 0.184).](cios-11-233-g003){#F3}

###### Patient Demographic Data

![](cios-11-233-i001)

  Variable                   Value
  -------------------------- -------------------
  Total                      20
  Age (yr)                   38.5 (8--71)
  Sex                        
   Male                      12 (60)
   Female                    8 (40)
  Location^\*^               
   Humerus                   1 (4.5)
   Radius                    1 (4.5)
   Proximal phalanx (hand)   2 (9.0)
   Ilium                     1 (4.5)
   Femur                     8 (36.0)
   Fibula                    2 (9.0)
   Tibia                     4 (18.0)
   Navicular (foot)          2 (9.0)
   Metatarsal                1 (4.5)
  Histologic diagnosis^\*^   
   Simple bone cyst          1 (4.5)
   Aneurysmal bone cyst      1 (4.5)
   Nonossifying fibroma      3 (13.5)
   Enchondroma               5 (22.5)
   Giant cell tumor          2 (9.0)
   Lipoma                    1 (4.5)
   Fibrinoid necrosis        2 (9.0)
   Fibrous dysplasia         2 (9.0)
   Intraosseous lipoma       3 (1.5)
  Follow-up period (mo)      28.1 (24.1--38.4)

Values are presented as median (range) or number (%).

^\*^There were 22 lesions in 20 patients: one patient had enchondromas in both hand and foot, and one patient had fibrinoid necrosis in both tibia and fibula.
